In order to determine a series of solar wave lengths in the international system to serve as standards for a new table of solar wave lengths and to find the exact corrections which should be applied to Rowland' s classical table of solar spectrum wave l engths, the Bureau of Standards and the Allegheny Observatory cooperated in measuring the wave lengths corresponding to selected dark (Fraunhofer) lines in the solar spectrum. The wave lengt hs were compared with those of standard neon lines by the Fabry and Perot Halon-interferometer method, both spectra being photographed simultaneously. More than 11 ,000 observations were made on 729 solar lines in the wave-length interval (octave) from 3592.027 A in the ultra-violet to 7148.159A in the red. The majority of these st a ndard solar wave lengths have individual probablc errors smaller than 1 part in 4,500,000.
I. INTRODUCTION
The classical spectroscopic investigations of Professor Rowland culminating in his Preliminary Table of Solar Spectrum Wave Lengths, 1 formed the foundation of the so-called Rowland scale of wave lengths which has been in more or less universal use for the past 35 years. Beginning with the best available value of th~ wave lengths corresponding to the sodium yellow lines, 2 the relative wave lengths of a selected list of solar absorption lines 3 were determined by the method of overlapping spectra from diffraction gratings.
Early in the present century it was recognized that Rowland's standards were too large by approximately 1 part in 30,000, and relative errors of the order of 1 part in 100,000 were detected in different spectral regions. The International Union for Cooperation in Solar Research,4 later replaced by the International Astronomical It is believed that the time has arrived for the determination of a series of solar wave lengths in the international system to serve as standards for a new table of solar wave lengths. It is recommended, therefore, that efforts be made to obtain at least three independent determinations of the wave lengths of a selected list of solar lines.
In 1923 the spectroscopy section of this bureau united with the Allegheny Observatory in a cooperative program of solar wavelength determinations, and results for one octave of the spectrum (3592-7148A) were completed in 1927. These results were obtained in four overlapping spectral intervals. They were published in three installments according as the work in different spectral regions reached completion. 8 In order that these results may be presented as a lmified whole, they are republished here with the wave lengths (Table 1) in consecutive order and mean values replacing those reported twice in the slightly overlapping regions covered by the first publications. Similarly, the corrections to Rowland's wave lengths, previously reported in four sections, are now collected in one table . (Table 2) . A large number of additional" sun-arc" observations are included in Table 1 , but the discussion of these is reserved for another paper. The main purpose of the one in hand is to present in complete and final form our observations on standard solar wave lengths. Only the essential facts relating to the method of observing, the description of the apparatus, and of the comparison sources will be given here. Further details may be found in the earlier publications.
II. METHOD OF OBSERVING
The method of observing is essentially that devised and first used by Fabry and Perot 9 in 1902 for the measurement of 33 solar wave lengths (4643-6471A) . It involves the use of a Fabry and Perot etalon interferometer combined with a prismatic or grating dispersing system, so that the orders of interference at various points in the spectrum may be compared. The method has become more or less familiar on account of its repeated use for the establishment of the international system of secondary standards in the emission spectrum of the iron arc. In the case of an absorption spectrum like that of the sun interference patterns similar to those produced by bright lines are obtained for dark (Fraunhofer) lines by a choice of order of interference and slit width such that a practical disappearance of the channeled spectrum from the continuous background is accomplished and interference fringes appeal' on the dark lines. The theory of interferences produced by the dark lines of the solar spectrum was discussed in some detail by Fabry and Buisson 10 in 1910, but no further measurements of solar wave lengths were published until ours appeared. Similar observations have recently been made by this method at the Mount Wilson Observatory, and a portion of the results have been published. 11 In order that solar spectrum standards may be placed on the same footing as the international secondary standards, they must be compared with the primary standard or its equivalent. Recognizing certain advantages of neon lines for such comparisons the International Astronomical Union 12 considers the mean of eight or more well-determined neon wave lengths as practically equivalent to the primary standard. Our method of observing was arranged so that the solar spectrum and neon comparison spectrum could be recorded simultaneously. This procedure eliminates, or reduces to a minimum, the small uncontrollable disturbances which otherwise are likely to introduce systematic errors in precise comparisons of wave lengths.
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III. DESCRIPTION OF APPARATUS
All of the spectrograms were made at the Allegheny Obs€lrvatory where the coelostat and spectrograph described by Schlesinger 13 were employed, but the location and mounting of the latter instrument was changed. The former vertical mounting of the spectrograph proved to be too unstable for the rather long exposures required in this work. The instrument was, therefore, mounted horizontally on concrete piers in the basement of the observatory, where ideal stability and freedom from temperature changes were obtained. A coelostat mirror reflected the sunlight down the polar axis to another mirror which sent the light into the solar telescope and interferometer. The optical arrangement from this point onward is shown diagrammatically in Figure 1 . After leaving the second coelostat mirror, the beam of sunlight passed through a color filter which was placed immediately in front of the solar lens. This filter reduced the heating effect of the sun in the interferometer, and at the same time removed the part of the solar spectrum· corresponding to the neon comparison source, so that the spectrum of the latter could be simultaneously recorded in an auxiliary spectrograph camera. In the interval 5,800-6,500A the two spectra were photographed superposed, higher orders than the second being removed by a yellow-glass filter.
A telescope of 40 cm focal length forms an image of the sun in the interferometer, which is of the Fabry-Perot type. A diaphragm 6 mm in diameter near the first plate of the interferometer restricts the beam of the comparison spectrum to the size of the solar image. The sunlight from the telescope passes through a diagonal mirror, which serves to reflect the light of the laterally situated neon comparison lamp into the path of the solar beam. From this point on the solar and comparison beams follow identical paths until the grating separates them into spectra. For observing the photographic region of the solar spectrum this diagonal mirror is lightly silvered, reflecting rather more light than it transmits. For the longer solar wave lengths a thinner coat of silver is used, and for the region longer than 6600A a clear-glass mirror has been used for some of the observations.
The interferometer is so mounted on a stand as to permit the necessary adjustments or to allow it to be lowered out of the path of the light so that the centering of the solar image and the comparison source on the grating may be more readily effected. The interferometer is turned 90°, in order to adjust the parallelism of the plates by means of a mercury lamp. The interferometer plates are thinly coated with silver, deposited cathodically. Some 10 to 15 images of a 40-watt lamp can be seen ' through a pair of plates. While a thicker 13 Schlesinger, Pub. Allegbeny Obs., 3, p. 99; 1914. coat would give slightly better interference, the increase in exposure time necessitated by the use of dense films more than offsets the slight gain in resolving power. The separators, or etalons, are made of invar.
A telescope of 25 cm focal length projects the ring system upon the slit of the spectrograph. The objective, of quartz and fluorite, is achromatic for the whole region of the solar spectrum observable at Allegheny Observatory. The interferometer is set at such a distance from this objective that the image of the diaphragm, 6 mm in diameter, is slightly smaller than the grating.
A gauge plate, or repere, having five fine parallel slots extending at right angles to the slit, is mounted on ways which allow it to slide almost in contact with the latter. Before the interferometer is placed in position this rep ere plate is slid in front of the slit. The intersections of the slit and the slots in this plate give five point-sources of light whose images are photographed in both the solar and comparison spectra. This furnishes a means of making sure that the same scale is used in computing the ring diameters in solar and comparison spectra, a matter of considerable importance when the two spectra differ greatly in wave length, but of little consequence when both spectra are of nearly the same wave length. The collimator and camera lenses of the spectroscope are of 19 cm aperture and 520 cm focal length. Since parallel light falls upon the grating and the rulings are only 10 cm long, only the central 10 cm of each lens is useful in connection with the interferometer. The lenses are corrected for the photographic region, having minimum focal length at 4500A, at which point in the spectrum the plate is perpendicular to the axis of the camera. The grating, by Michelson, is ruled with 500 lines per millimeter, giving a linear scale of 3.65A per mm in the first order.
To photograph the comparison spectrum, an auxiliary camera has been installed as shown in Figure 1 . The lens of this camera is of 10 cm aperture and 160 cm focal length. The field is good over [ VoZ.l an angle of 5°, which is more than is required to photograph the neon spectrum in the region 5852 to 6598A. Since the solar camera is fixed with respect to the collimator, it is necessary to move the auxiliary camera as the various regions of the spectrum are brought into the solar camera. This comparison camera is arranged to rotate around an axis passing through the center of the grating; consequen.tly the focus for the neon spectrum remains constant as the camera is rotated. For the region shorter than 6600A the comparison spectrum is observed in the first order on the side of zero opposite from that on which the solar spectrum is photographed. For the longer region it is preferable to observe the comparison and solar spectra in the first and second orders, respectively, on the same side of zero.
. The greater portion of the observing has been done with the grating adjusted to photograph the solar spectrum in the second order, giving a scale of 1.82A per mm. Because of a slight astigmatism that increases with the order, the third order is less satisfactory than the second for interference purposes, and it has been used for only 10 plates. The first order gives very sharp definition of the interference rings, but the greater scale of the second order diminishes the disturbance of the solar lines by their weak neighbors. The first order was used, however, for a few of the plates from which the A. O. B. S. wave lengths were determined.
The photographic plates were either Seed 23 or Eastman 33, excepting that a few exposures in the violet were made on process plates. For use in the green and red the plates were sensitized by means of pinaverdol or pinacyanol. The exposure times varied from a few minutes to over two hours, depending on the condition of the sky, the state of the various silver coats, and the slit width.
Spectrograms were made in each portion of the solar spectrum with a variety of etalons and with two or more sets of interferometer plates. The various Halons were made of invar and had lengths of 3. 75, 5, 6, 7.5, 8, 10, 12, 15 , and 20 mm.
IV. COMPARISON SOURCES
The wave lengths of Table 1 were derived by simultaneous comparison with the red lines of neon, as already stated. The neon source was a lamp of the type described by N uttingY Its electrodes are aluminum disks 25 mm in diameter; the capillary is 10 cm long and has a bore of 2.5 mm. An exciting current of about 50 m. a. was delivered by 5,000 v. a. c. without capacity. The tube was observed exactly side on. The particular tube used in this investigation had been used previously in a comparison of neon wave lengths with the primary cadmium standard.
,. Nutting, Bull. Bureau of Standards, 4, p. 511; 1908. The maximum pressure in the solar reversing layer where the Fraunhofer lines originate has been demonstrated to be so low that for spectroscopic purposes it may be regarded comparable with laboratory vacuum sources. For comparison of solar with terrestrial wave lengths we have employed the very convenient type of vacuum arc designed and built by CurtisY Using currents of 6 amp. or less, this arc operates without a cooling system and is in other respects so simple to manipulate that it would seem that this or a similar type of source should become a standard piece of laboratory equipment wherever wave lengths of a high order of accuracy are being determined. This arc was used as the source for all the sun-arc comparisons listed in Table 1 . It was usually operated at pressures corresponding to 1 to 6 cm of mercury. All the vacuum arc wave lengths were derived from the neon standards by simultaneous comparison exactly in the same manner as the solar wave lengths.
v. MEASUREMENT AND REDUCTION
The diameters of two or, more often, three innermost fringes were measured for each of the wave lengths on a number of spectrograins ranging from 2 to 33. In addition to the solar and neon spectra, each plate had on it the unages of the slots in the rep ere plate at the slit, measurement of which furnished the scale factor used in the reductions.
The method of reduction employed by Buisson and Fabry 16 was followed for about half of the plates, the remainder being reduced by the method described by ChildsY In the former method the fractional order of interference at the center of the interference pattern is derived from measurements of the rep ere images and ring diameters, while in the latter it is deduced from ring diameters alone when three or more are available. Practically the same results are obtained from both methods, but the latter has the advantage of involving considerably less labor.
The order of interference was invariably obtained with the aid of the neon interferences,18 and the thickness of the interferometer, or double separation of the plates, :was computed from each of SL\: or more neon lines, the mean optical distance thus found being used to derive the solar wave lengths from their measured orders of interference. The values used for the neon lines were those compared with the primary cadmium standard; 19 their mean value is regarded as practically equivalent to the primary standard itself. .
Corrections for dispersion of phase upon reflection in the in terferometer surfaces were made by the well-known device of comparing " Curtis, J. Opt. Soc. Am ., 8, p. 697; 1924. 16 Buisson and Fabry, J. de Pb"s., 7, p. 169; 1908, Astropbys. J ., 28, p. 169; 1908. 11 Cbilds, J. Sci. Inst ., 3, pp. 97 and 129; 1926. !8 Meggers, B ull. Bureau of Standards, 12, p. 203; 1915. " Burns, Meggers , and Merrill, Bull. Bureau of Standards, 14, p. 765; 1918 . 1. A. U. Trans. 1., p. 40, 1922 . II, p. 44, 1925 [ VoU wave lengths first with low orders of interference and then with high values in which the differential phase change plays a proportionately smaller part. 20 For this purpose wave lengths of the iron arc in vacuo were compared with neon standards by means of interferometers of 3.75, 6, 10, and 20 mm separation.
Observations made under conditions of temperature and pressure of air which deviated from normal were corrected to their values at 15° C. and 760 mm Hg by the tables of Meggers and Peters.21
The proper corrections for motion of the earth relative to the sun were made for each spectrogram.
VI. RESULTS
The first column of Table 1 contains the wave lengths of solar lines compared with red neon standards by means of simultaneous exposures as described above. The second column indicates the probable error of measurement. These probable errors are expressed in parts per million; thus" A" denotes a probable error of 1 part in 6,000,000; "B," 1 part in 4,500,000; "C," 1 part in 3,000,000; and "D" probable errors greater than 1 part 3,000,000. The number of independent comparisons of each line with the neon standards is indicated in column 3. The fourth, fifth, and sixth columns contain Rowland's wave length, chemical identification, and intensity for each line . . An "s" attacbed to Rowland's wave length means that it was one 'of his standards. Column 7 shows' the wave-length difference between Rowland and A. O. B. S. for the individual lines, and the next column gives the value of this difference interpolated from Table 2. In the ninth column are shown the differences between the wave lengths in the solar spectrum and the laboratory vacuum-arc values for the same lines, the unit being O.OOIA. The final column gives the temperature class according to King and the pressure class to which the line belongs. The A. O. B. S. wavelength values are for air at 15° C. and 760 mm Hg pressure, while those of Rowland apply to air at 20° C. and normal pressure. In both cases the source was integrated solar light.
In Table 2 are listed the corrections which must be applied to Rowland's wave lengths to reduce them to the international scale. These are taken from a smooth curve drawn through the plotted values of column 7 in Table 1 . The differences, Rowland minus A. O. B. S., run smoothly for the most part, but there are several marked discontinuities, notably at 4142A, at 5220A, and at 6870A. The smaller irregularity near 5800A may not be real, as the observations between 5740 and 5850A are of slightly inferior quality. [ Vol. 1 
